ABSTRACT
Introduction
China and India are the emerging economic giants in the world; the economic growth in China was the world's fourth largest and that in India was the 13th in 2006. During the period of 1965-2006, China's average annual growth in real GDP was 6.5% and India's was 4.8 %. In recent years, the economies of both countries have been growing more rapidly. China's economic growth rate went from 10.4% in 2005 to 11.1% in 2006, while India's increased from 9% in 2005 to 9.7% in 2006 [1] . China and India's economies are still growing strongly even global financial crisis already causing downturn in developed economies. In the WEO (World Economic Outlook) reference scenario, primary energy use needs to expand at an average annual rate of 3.2% in China and 3.6% in India-much faster than that in the rest of the world. The two countries together account for 20% of the world's primary energy use by 2006 and this share will increase to 29% by 2030 [1] .
Both China and India have been heavily depending on coal to energize their economies. In 2009 coal consumption was up in China (including Hong Kong) by 15.2% and India by 9.0% [2] . By 2030, coal will make up 59% of the two countries' combined energy needs: 63% in China and 48% in India [3] ; China remains the world's largest consumer of coal, while India becomes the second-largest. The increased use of coal will inevitably result in rising global CO 2 emissions. BP (British Petroleum) statistics suggested that coal discharges 1.08 tons carbon per ton oil equivalent, while natural gas and oil discharge 0.64 and 0.84 tons respectively [4] . Largely as a result of their heavy reliance on coal, the energy related emissions of carbon dioxide are soaring in China and India. China's CO 2 emissions already have surpassed those of the U.S. and become the world's largest emitter and by 2015 India will be the third largest emitter.
In developing countries such as China and India, coal is indeed a double edged sword -the new economy's black gold and the fragile environment's dark cloud. Despite impressive rates of economic growth and industrialization in recent years, both China and India remain poor by OECD standards, and they both need to sustain a phenomenal rate of economic growth. However, until environmental protection measures become available, sustainable development of their economies will be limited.
Is there a causal relationship between coal consumption and economic growth, or is the extent of causality the same in China as in India? This current paper at-tempts to answer these questions using the Granger causality analysis.
Review of the Literature
With the energy crisis in the 1970s and 1980s and the increasing energy prices in recent years, the relationship between energy consumption and economic growth has received increasing attentions.
There are two techniques commonly used to analyze the relationship between energy consumption and economy growth. One approach is to establish an economy growth model that includes energy factors and technological change to explore the influences of energy on economy growth. Smulders [5] constructed an economic growth model in which energy and endogenous technological advancement factors were used to explain the widespread increase in the total energy consumption and improvement in the efficiency of energy use in the OECD countries; Azomahou [6] built a general equilibrium model with energy-saving technological progress as the factor leading to the fall of energy intensity found in OECD countries over the past 20 years.
However, more studies were focused on the causality relationship between energy consumption and GDP. Kraft, J. and Kraft, A. [7] found that there is a unidirectional causality running from energy consumption to GNP for the United States during the period of 1947-1974. Since then, the number of literatures on Granger causality has grown considerably not only in developed countries but also in developing countries such as China and India. Soytas and Sari [8] studied the causality relationship in G7 countries and emerging markets; Lee [9] analyzed the cases of 11 major industrialized countries; Glasure and Lee [10] used the example of South Korea and Singapore to study the causality relationship between energy consumption and GDP; Oh and Lee [11] analyzed the case of Korea from 1970 to 1999; Al-Iriani [12] gave an example in GCC countries using panel causality; Yoo [13] studied the causality relationship between electricity consumption and economic growth in the ASEAN countries; Ferguson et al. [14] studied the issue of electricity consumption and economic growth in over 100 countries and found that as a whole there is a strong correlation between electricity consumption and economic growth; Alice Shiu [15] and Sajal Ghosh [16] gave the examples of electricity consumption and economic growth in China and India respectively; Narayan [17] provided Electricity consumption and real GDP causality for 30 OECD countries; Yang [18] found causality relationship from economic growth to coal consumption in Taiwan; Yoo [19] showed that there existed a bi-directional causality relationship between coal consumption and economic growth in South Korea; Jinke [20] uses Granger causality tests to examine the differences of causal relationships between coal consumption and GDP in major OECD and non-OECD countries, using data for the period of 1980-2005; Apergis [21] It is known that different causality relationships between economic growth and coal consumption suggest different energy conservation and economic growth policies. If there exists causality running from coal consumption to GDP, it implies that a shortage of coal may negatively affect GDP; otherwise if a unidirectional causality runs from economic growth to coal consumption, it could imply that the policies for reducing coal consumption may be implemented with little effect on economic growth. The purpose of this study is to determine such relationship between coal consumption and economic growth for China and India to give suggestions for policy decision making.
Coal Consumption in China and India

Coal Dependency
China's remaining coal resources are next to USA's and Russia's, totaling 1 003 billion tons [24] . India has the world's fourth largest hard coal resources [25] with the total estimated at 255 billion tons. Abundant domestic coal resources make both countries heavily dependent on coal.
The share of coal in primary energy use is much higher in China-at 63% in 2005, compared with 39% in India. The importance of coal in the overall fuel mix has been growing due to the booming demand for electricity. Oil's share reached 19% and 24% respectively in China and India in 2005. The use of nuclear power is less than 1% of primary energy and that of renewable energy (with the exception of traditional biomass and hydropower), is very limited. The energy mixes for both countries are shown in Figure 1. 
Coal Consumption and Economic Growth
With the rapid growth of economy, the coal consumption grew concurrently in both China and India. tionship between coal consumption and economic growth.
But it needs to be testified. In addition, it needs to be investigated weather coal consumption causes economic growth or vice versa. The causal relationship between coal consumption and economic growth needs to be further studied.
To reflect the economy's reliance on coal consumption, the coal consumption intensity (CCI) is defined and it is the ratio of the coal consumption to the real national economic amount in GDP. As shown in Figure 4 , the CCI of China fluctuated and gradually decreased after 1980, indicating that the economy's reliance on coal has been gradually dropped. However, it is still much higher as compared with that of India which is stable and low.
Causality Analysis Methodology and Results
The annual time series for China and India used in this study are the annual time series of real GDP and they are obtained from The Conference Board and Groningen Growth and Development Centre [26] . Real GDP is expressed in millions of 1990 US$ (converted at GearyKhamis PPPs). The Coal consumption data is from BP [4] and the unit of Coal consumption is MTOE. From Figure 2 and Figure 3 , it can be seen that a long term relationship may exist between coal consumption and GDP growth. The unit root and co-integration tests were used to verify such a relationship. The empirical period was 1965-2006 with all variables measured in natural logarithms.
To conduct the Granger-causality test, a series of variables are required to be stationary. It has been shown that spurious causality results can occur if non-stationary data is used in causality tests. This paper used the Fisher-type ADF (Augmented Dickey-Fuller) and PP (PhillipsPerron) panel unit root tests proposed by Maddala and Wu [27] to confirm the stationarity of the series of variable.
Unit Root Tests
Recent literatures suggest that panel-based unit root tests are more powerful than unit root tests based on individual time series and therefore the Fisher-type ADF and PP tests are used in this paper. A Schwarz criterion is adopted to select the optimal number of lag length and the kernel type of Bartlett is selected for kernel based methods. The results of the panel unit root tests are presented in Table 1 .
In Table 1 , LNGDP denotes natural logarithms of GDP of each country and LNCOAL denotes natural logarithms of coal consumption. D denotes the 1st difference of LNGDP. The results of the ADF-Fisher and PP-Fisher unit root tests for the levels of LNGDP and LNCOAL are not able to reject the unit root null hypothesis at the 5% level. However, when the unit root tests for the first differences of each series are conducted, the null hypothesis can be rejected at the 5% level. It shows that LNGDP and LNCOAL has one unit root thus to be I (1) variables in China and India, then the Grangercausality models are estimated with first-differenced data.
Co-Integration Tests
According to Engle and Granger [28] , if both time series are non-stationary, the linear combination of the two time series would be stationary and thus they are co-integrated.
Tests of co-integration include the simple two-step test by Engle and Granger (EG) and Johansen's vector auto-regression [29] for more than one co-integrating relationship. The two-step test EG is used in this paper. Table 2 indicates the test results on the levels of GDP and coal consumption at the corresponding significant level. The results strongly support the conclusion that a long-run causality relationship between the variables does exist for China and India.
Granger Tests and Causality Results
Co-integration implies the existence of Granger causality, but it does not point out the direction of the causality relationship. Therefore, the vector error correction model (ECM) is used to detect the direction of the causality. Engle and Granger have argued if there was co-integration between the time series, then the vector error correction model can be written as: The results of the Granger causality tests of the model are shown in Table 3 . The table also shows the tests used to choose the lag lengths. The results in Table 3 provide a convincing evidence of a unidirectional causality running from LNGDP to LNCOAL for China at the 5% level of significance. There exists a unidirectional causality running from LNCOAL to LNGDP for India at the same significant levels.
Comparison with other Related Results
To compare the causality between coal consumption and economy growth with other related results, the causality between energy use and economy growth or electricity consumption and economy growth have been reviewed   and listed in Table 4 . It can be seen that there exists bi-directional causality relationship running from energy consumption and GDP in China and India; it sounds fair and reasonable because both developing countries need more energy to fuel the economy, meanwhile rapid economy growth stimulates the energy consumption. Regarding electricity there exists unidirectional causality relationship running from electricity consumption to GDP in China, and unidirectional causality relationship running from GDP to electricity consumption in India, the reasons are also expounded in Alice Shiu's [15] and Sajal Ghosh's [16] study respectively.
Higher economic growth in China stimulates their demand for energy including coal, soaring coal consumption is a consequence of the remarkable growth in the country's economy-especially in heavy industry; on the other hand, China's economic expansion has been largely based on capital formation; increased labor input has made only a marginal contribution to GDP growth.
China is often characterized as the world's workshop with growth driven largely by production and exports of manufactured goods. By comparison of exports and investment together accounted for about 80% of GDP in 2006, coal consumption contribution to economy growth is not significant.
In India, the share of coal in total energy use in industry was at around 41% in 1990 and around 30% in 2005. India's industry has experienced faster gains, it contributed 27% of the GDP in 2005, and it was the main reason for higher output growth since 2003. With the economy expanding the economy may stimulate more electricity rather than coal consumption, because there existed unidirectional causality relationship running from GDP to electricity consumption in Sajal Ghosh' study [16] .
Conclusion and Policy Implications
The evidence and direction of causality between coalconsumption and economic growth in China and India have been given and the following conclusions can be drawn.
1) The unidirectional causality from GDP to coal consumption in China indicates that the continuous economic growth has resulted in a continuous rise in coal consumption which is fundamentally driven by GDP and therefore taking measures to conserve coal without compromising economic growth may be feasible. For example, China may overcome heavy dependence on coal in the long run by relying more on hydropower and natural gas. The unidirectional causality from coal consumption to GDP in India indicates that a change in coal consumption directly affects economic growth and coal constitutes a critical factor in sustaining the nation's economic growth and well being. The efforts to implement coal saving and emission reduction policies would slow down the economic growth in India, if India is to continue following exactly the same economic growth model as in the past 40 years.
2) Various causal patterns for coal consumption, electricity consumption and energy consumption and the economic growth in China and India are observed and they may be resulted from different energy consumption structures and economic policies in the two countries.
3) Economic growth is one of the most important factors influencing coal consumption and the outlook for coal use depends on relative fuel prices and government policies on fuel diversification, climate change and air pollution. Policy coordination, technology collaboration and financial aids by governments and industry are required to reduce the consumption of coal and the CO 2 emissions from coal use.
4) The panel-based ADF-Fisher and PP-Fisher unit root tests, the two-step EG test, and the VECM have been used to examine stationarity, co-integration, and causality related with coal consumption and GDP for China and India. Further analysis integrating economic factors such as price, employment, and export into the models will augment the results.
Units and technical abbreviations GDP: gross domestic product BNC: billion national currencies MTOE: million tons oil equivalent
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